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Description 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to bonding s 
technique of producing multi-layer plates by bonding 
plates such as optical substrate discs, flat glass plates, 
curved plates, lenses having curved surfaces or metal 
plates. 

[0002] In the disc bonding system using liquid io 
adhesive, prevention of voids (or bubbles) is one of the 
important problems. In an adhesive layer sandwiched 
between two substrate discs, there are formed voids, 
such as voids having diameters of about 0.1 mm or 
more and minute voids having diameters from 0.05 mm is 
to 0.1 mm in spite of various measures for prevention. 

SUMMARY OF THE INVENTION 

[0003] It is an object of the present invention to pro- 20 
vide plate bonding system and method advantageous 
for avoiding voids from adhesive layers. 
[0004] According to the present invention, a plate 
bonding system for producing a bonded plate including 
first and second substrate plates and an adhesive layer 25 
sandwiched between the first and second plates, com- 
prises: 

a plate moving member for bringing the first and 
second plates closer to each other with the interpo- 30 
sition of adhesive to produce the bonded plate; and 
an electric circuit for producing an electric field in an 
interspace between the first and second plates. 

[0005] A plate bonding method according to the 35 
present invention comprises: 

an overlapping step of overlapping first and second 
plates by bringing the first and second plates closer 
to each other with the interposition of adhesive to 40 
produce the bonded plate; and 
an electric field producing step of producing an 
electric field in an interspace between the first and 
second plates during a period in the overlapping 
step. 45 

BRIEF DESC RIPTION OF THE DRAWINGS 
[0006] 

50 

Fig. 1 is a schematic view showing a bonding sys- 
tem in a first practical example according to a first 
embdtiiment of the present invention, at a first 
stage in an operation of overlapping lower and 
upper substrate discs. 55 
Fig. 2 is a schematic view showing the bonding sys- 
tem of Fig. 1 at a second stage. 
Fig. 3 is a schematic view showing the bonding sys- 



tem of Fig. 1 at a third stage. 
Fig. 4 is a schematic view showing the bonding sys- 
tem of Fig. 1 at a fourth stage. 
Figs. 5A and 5B are views showing adhesive layers 
formed on the upper and lower substrate discs 
shown in Fig. 1. 

Figs. 6 A - 6D are views showing the process of 
contact between the adhesive layers shown in Figs. 
5A and 5B. 

Figs. 7A and 7B are views showing an arrangement 
of rods which can be used in place of an electrode 
4 shown in Figs. 1 ~ 4. 

Figs. 8A and 8B are views showing an arrangement 
of pins which can be used in place of the electrode 
4 shown in Figs. 1 ~ 4. 

Figs. 9A - 9C are schematic view showing bonding 
system and method in a second practical example 
according to the first embodiment. 
Fig. 10 is a schematic view showing a disc bonding 
system according to a second embodiment of the 
present invention. 

Fig. 11 is an equivalent circuit showing capaci- 
tances involved in the bonding system of Fig. 10. 
Fig. 12 is a schematic view showing a disc bonding 
system in another practical example according to 
the second embodiment. 

Fig. 13 is a schematic view showing the disc bond- 
ing system of Fig. 10 at a first stage of a disc over- 
lapping operation. " 

Fig. 14 is a schematic view showing the disc bond- 
ing system of Fig. 10 at a second stage of the disc 
overlapping operation. 

Fig. 15 is a schematic view showing the disc bond- 
ing system of Fig. 10 at a third stage of the disc 
overlapping operation. 

Fig. 16 is a schematic view showing the disc bond- 
ing system erf Fig. 10 at a fourth stage of the disc 
overlapping operation. 

Fig. 17 is a schematic view showing a disc bonding 
system according to a third embodiment of the 
present invention. 

Fig. 18 is an equivalent circuit showing capaci- 
tances in the bonding system of Fig. 1 7. 
Fig. 19 is a schematic view showing the disc bond- 
ing system of Fig. 17 at a first stage of a disc over- 
lapping operation. 

Fig. 20 is a schematic view showing the disc bond- 
ing system of Fig. 17 at a second stage of the disc 
overlapping operation. 

Fig. 21 is a schematic view showing the disc bond- 
ing system of Fig. 1 7 at a third stage of the disc 
overlapping operation. 

Fig. 22 is a schematic view showing the disc bond- 
ing system of Fig. 10 at a fourth stage of the disc 
overlapping operation. 

Fig. 23 is a schematic view showing a disc bonding 
system according to a fourth embodiment of the 
present invention. 
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present invention. Figs, t - 4 show a plate bonding sys- 

51 PraC,iCa ' ^P' 6 accord 'n 9 *o the f St 
embod.ment of the present invention. Figs 9A - Tc 
show a plate bonding system in a second p^actiS 
example according to the first embodiment 
(001 1] As shown in Figs. 1 - 4. a lower optical s. <h 

member) 1. and an upper optical substrate disc B is 
held by a support member (or electrode member) 2 
ldLT e \ SU5Strate diSC A has a con,i ^ous annular 

su^acTf 2! w 3 f ° rmed ° n 3n "P Ward fa -ng bonding 
surface of the disc A. The upper substrate disc B hal f 

adhes,ve ,ayer b ^ o a n s a a 

iTn ^ 9 b0 " d,n9 Sunace of *ne disc B The dis- 

Z n Ztl ayef f re9U ' ar,y arra " 9ed dis «^n"i- 
f.es. In this example, the discontinuous layer b is a set of 
separate adhesive dot regions regularly arranged !n an 
imaginary ^circle shown by an imaginary line ^n F f Q 

o^TJi e :rr oithe upperdisc * ^ 

ous layer a is annular around the center of the lower 
te" of'L ° Wn , in 5a tWs exam P' e - 

(0012) The base member 1 has a center shaft 1 a 

Daow the winutar adhesive layer a. The eteclraa. i S 
looi 5j The support member 2 for holding the uooer 

« is , a disc - shaped memb - - 

nTs one !^ a ' Um J num a, '°y The support member 2 
nas one or more sucking portions for holding the upper 

Sc B Th'e 9 ^ UPWafd fadn9 Surface 5 he uppe 
aisc B. The support member 2 is carried h u = ♦ L, 

arm (not shown), so that the s^Hele TSn 

swing horizontally about a vertical axis. The support 
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member 2 is connected through the transfer arm to the 
ground. 

[0016] A chucking device 7 is fixed in a center hole 
of the support member 2. The chucking device 7 has a 
vertical axis coincident with the axis of the center shaft 
1A of the base member 1 in the state of Fig. 1. The 
chucking device 7 has three fingers 7A capable of 
expanding and contracting radially under the control of 
an external control signal. The chucking device 7 can 
hold the lower disc A by expanding the fingers 7A in the 
center hole of the lower disc A. and transfer the lower 
and upper discs in the superposed state, as mentioned 
later. 

[001 7] This bonding system is operated as follows: 
[0018] At a predetermined adhesive supplying posi- 
tion, the discontinuous adhesive layer b is formed on the 
downward facing surface of the upper disc B while sup- 
ported by the support member 2. The continuous adhe- 
sive layer a is formed on the upward facing surface of 
the lower disc A while placed on the base member 1 at 
an overlapping position. Then, the upper disc B held by 
the support member 2 is carried from the adhesive sup- 
plying position to the overlapping position shown in Fig. 
1 . just above the lower disc A, by the transfer arm. At the 
overlapping position, the adhesive layers a and b are 
centered so that the dot regions of the discontinuous 
layer b are arranged on the annular layer a as shown in 
a plan view of Fig. 6A. 

[0019] In the state shown in Fig. 1, the voltage of 
the dc power source 6 is applied between the ring- 
shaped electrode 4 and the support member 2 so that 
an electric field is produced in the interspace between 
the lower and upper substrate discs A and B. Then, as 
shown in Fig. 2. the base member 1 is moved upward by 
the lifting shaft 3, and the vertical distance between the 
lower and upper substrate discs A and B is decreased 
until the adhesive layers a and b come into contact with 
each other. In the process of approach and contact 
between the adhesive layers a and b. the electric field 
increases as the distance decreases, and causes, with 
its attractive force, the ridge of the continuous adhesive 
layer a and the vertexes of the dot regions of the discon- 
tinuous adhesive layer b to taper. Therefore, the contact 
between the adhesive layers a and b begins at the 
pointed vertexes of the discontinuous adhesive layer 
with the tapered ridge of the continuous adhesive layer 
a. so that the initial contact area therebetween at the 
beginning of the contact can be significantly decreased 
as compared with the conventional bonding method. 
Fig. 6B shows the contact points ab between the adhe- 
sive layers a and b in the initial stage of the contact. 
[0020] After the contact between the ridge of the 
annular layer a with the vertexes of the discontinuous 
layer b. the separate contact regions ab extend rapidly 
circumferentially along the annular adhesive layer a. as 
shown in Fig. 6C until the two adhesive layers a and b 
merge together into an annular adhesive film c. as 
shown in Fig. 6D. The annular adhesive film c expands 
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radially outwardly or/and inwardly between the bonding 
surfaces of the lower and upper substrate discs A and B 
which are positively and negatively charged. Preferably, 
the ascending speed of the lifting shaft 3 after the begin- 
ning of the contact between the layers a and b is control- 
led to be approximately equal to or slower than a 
decreasing speed at which the heights of the adhesive 
layers a and b decrease as the adhesive layers a and b 
spread. In this case, the adhesive film spreads up to the 
outer peripheries of the lower and upper discs A and B 
without the need of a subsequent spinning operation, 
and it is possible to obtain an adhesive film having a 
predetermined thickness by controlling the amounts of 
the adhesive supplied to the lower and upper discs A 
and B. 

[0021] Then, under the control of the external sig- 
nal, the chucking device 7 expands the fingers 7A in the 
center holes of the lower and upper discs A and B. and 
thereby holds the lower and upper discs A and B, as 
shown in Fig. 4. In this state, the actual liquid adhesive 
film spreads radially more than depicted, and contains 
neither minute voids nor larger voids as far as observed 
through the discs A and B. Thereafter, the lower and 
upper discs A and B held by the support member 2 in 
the state shown in Fig. 4 is swung horizontally by the 
transfer mechanism from the superposing position 
shown in Fig. 4. to a spinning or spin coating position. At 
the spinning position, a spinning apparatus (or spinner) 
spreads the liquid adhesive film and spins off an 
unwanted amount of the adhesive by the centrifugal 
force to obtain a uniform film thickness. 
[0022] In this practical example, the electric field 
acts to taper the ridge of the continuous adhesive layer 
a and the vertex of each dot of the discontinuous adhe- 
sive layer b. and to cause the contact between the adhe- 
sive layers to begin at the tapered and pointed ends. 
Thus, by minimizing the initial contact area, this bonding 
system can suppress the occurrence of minute voids 
sufficiently. After the beginning of the contact, each con- 
tact region extends at a fast speed circumferentially 
along the continuous annular adhesive layer a. and the 
adhesive spreads radially over the upward facing sur- 
face of the lower disc A and the downward facing sur- 
face of the upper disc B positively and negatively 
charged, without involving air in the adhesive film. 
Therefore, the uniform adhesive film obtained by the 
spinning operation is free of minute voids and larger 
voids. 

[0023] In this example, the diameter D of the dis- 
continuous adhesive layer b is set equal to the diameter 
of the continuous adhesive layer a. However, it is 
optional to set one of the adhesive layers slightly greater 
in diameter than the other. Moreover, it is possible to 
attain the effects of the present invention even when the 
adhesive is supplied onto only one of the lower and 
upper discs. 

[0024] Figs. 7A, 7B. 8A and 8B show variations of 
the electrode 4. The electrode 4 shown in Figs. 1 - 4 is 
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in the form of a continuous circular ring. Instead, the 
electrode 4 shown in Figs. 7A and 7B is a set of upright 
rods arranged in a circle around the center shaft 1A. 
Preferably, each rod is positioned just below a unique 
one of the dots of the discontinuous adhesive layer b 
formed on the upper disc B, at such a level that the top 
of each rod is slightly separate below the downward fac- 
ing surface of the lower disc A without touching the 
lower disc A on the base member 1. The electrode 4 
shown in Figs. 8A and 8B is a set of upright pins which 
are arranged in the same manner, but which are smaller 
in diameter than the rods in the example of Figs 7A and 
7B. 

[0025] Figs. 9A. 9B and 9C show a plate bonding 
system in a second practical example according to the 
first embodiment of the present invention. This bonding 
system is configured to bond two plates, such as flat 
plates of glass, having no center holes. 
[0026] The base member 1 of this example is made 
of metallic material such as stainless alloy, and has an 
upward facing surface which is similar (in geometrical 
figure) to the lower (glass) plate A. and smaller in size 
than the lower plate A. The base member 1 has a plural- 
ity of sucking holes regularly arranged in the upward 
facing surface, and sucking passages 1C connecting 
the sucking holes to a sucking apparatus (not shown). 
The base member 1 can hold the lower plate A firmly by 
suction. The base member 1 is grounded and held at a 
constant voltage (or potential) substantially equal to 
zero. 

[0027] The support member 2 of this example has a 
downward facing surface which is stmiiar (in geometri- 
cal figure) to the upper (glass) plate B, and smaller in 
size than the upper plate B. The support member 2 has 
a plurality of sucking holes regularly arranged in the 
downward facing surface, and sucking passages 2A 
connecting the sucking holes to a sucking apparatus 
(not shown). The support member 1 can hold the upper 
plate B iirmly sucked by the downward facing surface. 
The support member 2 further has a space 2B formed 
at the center, and an electrode 4 installed in the space 
2B. The electrode 4 is connected to a plus terminal of a 
dc power source 6. whose minus terminal is connected 
to the ground. The electrode 4 shown in Figs. 9a - 9C 
has a downward facing flat electrode surface. Instead, 
the electrode 4 may be in the form of a vertical rod. 
[0028] In this example, a predetermined amount of 
liquid adhesive is supplied at the center on the lower 
plate A. The electrode 4 is positioned just above the 
drop of adhesive a formed at the center of the lower 
plate A. This system is arranged to apply a relatively 
strong electric field to the adhesive drop a just before 
contact of the adhesive drop a with the downward facing 
surface of the upper plate B during the process of 
approach between the lower and upper plates A and B. 
[0029] As the distance between the lower and 
upper plates A and B is decreased, the electric field 
increases and pulls the liquid drop a toward the upper 
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plate B so that the top of the adhesive drop is tapered 
and pointed, as shown in Fig. 9B. Therefore, the contact 
begins at the pointed top of the tapered adhesive drop 
without involving air in the adhesive. Then, the base 
member 1 is further moved upward, as shown in Fig. 
9C. and the adhesive spreads between the lower and 
upper plates A and B. As the adhesive spreads, charges 
of the opposite polarities distributed over the confront- 
ing surfaces of the lower and upper plates A and B are 
neutralized, and this neutralization facilitates the void- 
free spread of adhesive. 

[0030] It is optional to supply the adhesive only to 
the upper plate B, or to supply the adhesive to both of 
the lower and upper plates A and B. 
[0031] In the present invention, plates (or plate 
objects) A and B to be bonded may be flat or may be 
curved. For example, the present invention is applicable 
for bonding lenses with similar effects. Moreover, the dc 
power source 6 for producing a dc electric field may be 
replaced by an ac power source arranged to produce ac 
electric field. 

[0032] Figs. 10-16 show a second embodiment of 
the present invention. The second embodiment is 
designed to apply a voltage effectively between reflec- 
tive films of discs to be bonded to form a bonded optical 
disc, and to prevent discharge between the discs when 
brought closer to each other. 

[0033] As shown in Fig. 10. a disc bonding system 
in one practical example according to the second 
embodiment has a first electrode 21 and a second elec- 
trode 22. The first electrode 21 is a component of a first 
disc holding member (or base member or electrode 
member) which serves as a disc holder for holding a 
lower disc A and as an electrode. The lower disc A is 
placed on the first electrode 21. The second electrode 
22 is a component of a second disc holding member (or 
support member or electrode member) which also 
serve as a disc holder for holding an upper disc B and 
as an electrode. Each of the discs A and B has a record- 
ing area and a reflective film A' or B' formed on the 
recording area. The first and second electrodes 21 and 
22 hold the lower and upper discs A and B in a con- 
fronted state in which the reflective films of the discs A 
and B confront each other across an interspace there- 
between. Each disc A or B is circular, and has a circular 
center hole X or Y. The discs A and B of this example . 
are substantially equal in the outside diameter, and sub- 
stantially equal in the diameter of the center hole. In this 
example, the reflective film A' or B* of each disc is annu- 
lar, and bounded between an inner circular periphery 
having a diameter greater than the diameter of the 
center hole X or Y, and an outer circular periphery hav- 
ing a diameter smaller than the outside diameter of the 
disc. 

[0034] Fig. i o shows only the first and second elec- 
trodes 21 and 22 instead of showing the entireties of the 
first and second disc holding members. The first and 
second electrodes 21 and 22 of this example are equal 
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in shape and size. Each electrode 21 or 22 has a 
smooth flat surface for contacting with a disc. Each elec- 
trode 2 1 or 22 has a plurality of suction holes for sucking 
a disc, and passages for connecting the suction holes to 
a suction mechanism. 

0035] Each of the first and second electrodes 21 
and 22 is annular and has a circular center hole having 
a diameter which is equal to or greater than the diame- 
ter of the center hole X or Y of the disc A or B. The out- 
side diameter of each electrodes 21 or 22 is equal to or 
smaller than the outside diameter of the reflective film A' 
or B' of the disc A or B. This range of the electrode size 
is advantageous for preventing an electric discharge 
between the first and second electrodes 21 and 22 
when both electrodes 21 and 22 are brought to a closest 
position. The possibility of an electric discharge would 
be increased if each electrode 21 or 22 had a size not in 
this range. Moreover, it is desirable not to decrease the 
area of each electrode 21 or 22 too much as compared 
with the area of the corresponding reflective film A' or B" 
»f the area of each electrode 21 or 22 were excessively 
smaller than the area of the corresponding reflective 
Mm A or B\ a stray capacitance between the reflective 
film A' and the ground would be increased as mentioned 
later, and the stray capacitance would decrease the 
effective voltage between the reflective films A' and B" 
s.gnif.cantly as compared with the voltage applied 
between the first and second electrodes 21 and 22 
Preferably, each electrode 21 or 22 has an inside diam- 
eter substantially equal to the inside diameter of the cor- 
responding reflective film A" or B\ and an outside 
diameter substantially equal to the outside diameter of 
the corresponding reflective film A" or B\ as shown in 
Fig. 12. In this case, the upward facing flat electrode 
surface of the first electrode 21 is substantially congru- 
ent with the reflective film A' of the lower disc A and the 
downward facing flat electrode surface of the second 
electrode 22 is substantially congruent with the reflec- 
tive film B- of the upper disc B. In the example of Fig 12 
the annular electrode surfaces of the first and second 
electrodes 21 and 22 and the annular reflective films A' 
and B- are all substantially congruent, parallel and coax- 
ial with one another. 

[0036] The first electrode 21 of the example shown 
•n Fig. 10 is connected through a switch 23 to a dc 
power source 24. and the second electrode 22 is fixedly 
connected to a ground. When the switch 23 is closed to 
a position for connection with a contact 23a, a dc output 
vottage V of the power source 24 is applied, through the 
switch 23. between the first and second electrodes 21 
and 22. The first electrode 21 forms a capacitance C1 
with the reflective film A' separated from the first elec- 
trode 21 by a dielectric layer of the lower disc A The 
reflective films A" and B' of the lower and upper discs A 
and B form a capacitance C2 with the variable inter- 
space therebetween. The second electrode 22 forms a 
capacitance C3 with the reflective film B" separated from 
the second electrode 22 by a dielectric layer of the 
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upper disc B. These three capacitances C1. C2 and C3 
are connected in series with one another, as shown in 
Fig. 11. 

[0037] m practice, there are further formed one or 
more stray capacitances exerting significant influence 
on the fractions of the total voltage applied, respectively 
on the capacitances C1 - C3. A stray capacitance SC 
shown in Fig. 1 1 is formed between the reflective film A' 
and the ground. The stray capacitance SC is connected 
with the capacitances C1 - C3 so that, as the stray 
capacitance SC increases as compared with the capac- 
itance of the series arrangement of the capacitances C2 
and C3. the fraction of the voltage across the capaci- 
tance C1 is increased, and the fraction applied to the 
capacitances C2 and C3 is decreased. Since the capac- 
itance C3 is constant, the voltage applied to the capaci- 
tance C2 is decreased as the stray capacitance SC 
increases. That is. the voltage between the reflective 
«ms A" and B" is decreased as the stray capacitance 
""creases. As the stray capacitance SC is 
decreased, the fraction of the source voltage V applied 
between the reflective films A' and B' is increased 
Moreover, the voltage applied across the capacitance 
C2 is increased as the capacitances C1 and C3 
increase. 

[0038] The congruent first electrode 21 in the exam- 
ple shown in Fig. 12 substantially congruent with the 
reflective film A' is advantageous for decreasing the 
stray capacitance SC. This congruent configuration of 
the first electrode 21 can decrease the stray capaci- 
tance SC to a negligible value as compared with the val- 
ues of the capacitances C2 and C3. and maximize the 
fraction of the voltage V applied across the capacitance 

[0039J A stray capacitance formed between the 
reflective film B' and the ground acts to increase the 
fraction of the vottage. However, it is difficult to deter- 
mine the value of this stray capacitance in the design 
so that this stray capacitance is disregarded in this 
example. Accordingly, the second electrode 22 may be 
smaller in size than the first electrode 21 . 
[0040] The first electrode 21 is made smaller in the 
outside diameter than the reflective film A" when it is dif- 
ficult to make the first electrode 21 congruent to the 
reflective film A' because of the layout of a nearby 
mechanism such as a transfer mechanism. In this case 
rt is preferable to make the first electrode 21 similar to 
the reflective film A" and to make the outside diameter of 
the first electrode 21 as large as possible. In this exam- 
ple, the first electrode 21 having the flat electrode sur- 
face is preferable to pin-shaped or rod-shaped 
electrodes in that the flat electrode surface having a 
larger area can decrease the stray capacitance SC The 
flat electrode 21 may be a relatively thick annular con- 
ductive disc having a flat upward facing electrode sur- 
face or a metal film formed on an insulating annular 
disc. 

[0041] in this example, an annular adhesive layer a 
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is formed on the lower disc A and a dotted adhesive 
layer b is formed on the upper disc B, as shown in Fig. 5. 
[0042J Figs. 13-16 show the bonding process per- 
formed by this bonding system. The first electrode 21 is 
fixedly mounted on a center shaft 25 projecting upwards 5 
at the center of the first electrode 21. The center shaft 
25 has a plurality of grooves for receiving chucking fin- 
gers (or claws). The first electrode 21 is fixed on a lifting 
shaft 26 extending downwards coaxially with the center 
shaft 25. By being driven by a drive system (not shown), io 
the lifting shaft 26 moves the first electrode 21 up and 
down. For example, the first electrode 21 of the first disc 
holding member receives a lower disc A in the process 
of moving upward from a turn table carrying lower discs. 
[0043] The first electrode 21 is selectively con- is 
nected, through a conductor 27 and the switch 23, to the 
minus terminal of the dc power source 24. The plus ter- 
minal of the power source 24 is grounded. The voltage 
of the dc power source 24 is set at a value which is 
equal to or greater than a minimum value to deform the 20 
forward ends of the liquid adhesive layers a and b into a 
tapered shape just before the contact between the 
adhesive layers a and b. and to improve the wettability 
between the adhesive layers a and b, and which is equal 
to or lower than a maximum value to prevent a dis- 2s 
charge between the first and second electrodes 21 and 
22. 

[0044] The second electrode 22 has a suction 
device for holding the upper disc B by sucking the upper 
surface of the upper disc B. A transfer mechanism (not 30 
shown) has a transfer arm for rotating the second disc 
holding member including the second electrode 22 
within a predetermined angular range about a predeter- 
mined vertical axis. The second electrode 22 is con- 
nected, through a conductor in the transfer arm, to the 35 
ground. 

[0045] The second electrode 22 is fixedly mounted 
on a chuck device 8 having an axis coincident with the 
axis of the center shaft 25 of the first disc holding mem- 
ber in the state of Fig. 13. The chuck device 8 is oper- 40 
ated under the control of an external signal, and has 
three chucking fingers (or claws) 9 movable radially 
away from the axis of the chuck device 8. 
[0046] The dotted liquid ring b is formed on the 
downward facing surface of the upper disc B at an adhe- 45 
sive supplying position while the upper disc B is held by 
the second electrode 22 of the second disc holding 
member. The continuous liquid ring a is formed on the 
upward facing surface of the lower disc A while the 
lower disc A rests on the first electrode 21 of the first so 
disc holding member. Then, the second electrode 22 is 
moved by the transfer arm to the position just above the 
first electrode 21 as shown in Fig. 13. The upper elec- 
trode 22 is halted at this position. 

[0047] Then, as shown in Fig. 14, the first electrode 55 
21 is moved upwards toward the second electrode 22 by 
the ascending lifting shaft 26. When the distance 
between the first and second electrodes 21 and 22 is 



decreased to a predetermined value (about 20 mm. for 
example), the switch 23 is closed for connection with the 
contact 23a. and the voltage V of the dc power source 
24 is applied between the first and second electrodes 
21 and 22. As a result, a fraction of the voltage V is 
applied between the reflective films A' and B* of the 
lower and upper discs A and B. so that an electric field 
is produced in the space between the reflective films A 
and B\ 

[0048] By the application of voltage, the liquid lay- 
ers a and b come to have opposite charges, and they 
are attracted, by each other. Therefore, each dot of the 
dotted adhesive layer b is tapered and pointed toward 
the layer a, and the layer a is also tapered and sharp- 
ened toward the layer b. The electric field is increased 
as the distance between the first and second electrodes 
21 and 22 is reduced. Each dot of the dotted adhesive 
layer b first touches the sharpened edge of the adhesive 
layer a with the tip of the dot. so that the initial contact 
area is significantly reduced. 

[0049J After the contact between the tips of the 
adhesive layer b and the edge of the adhesive layer a. 
as shown in Fig. 15. the negative and positive charges 
are neutralized, and the wettability is improved. Each 
dot of the adhesive layer b extends rapidly along the 
annular adhesive layer a. and the adhesive layers a and 
b merge with each other into an annular liquid adhesive 
film. The annular liquid film spreads radially outward 
and inward along the upward facing surface of the lower 
disc A and the downward facing surface of the upper 
disc B where positive and negative charges remain. In 
the state shown in Fig. 15. each chucking finger 29 
enters the corresponding groove of the center shaft 25. 
[0050] Then, under the control of an external signal, 
the chucking device 28 expands the fingers 29 in the 
center holes X and Y of the lower and upper discs A and 
B, and thereby holds the lower and upper discs A and B. 
as shown in Fig. 16. Then, the switch 23 is turned to the 
point 23b. so that the power source 24 is disconnected, 
and the first electrode 21 is connected to the ground. 
After the voftage between the first and second elec- 
trodes 21 and 22 is thus reduced substantially to zero, 
the lifting shaft 26 descends and thereby moves the first 
electrode 21 downward as shown in Fig. 16. The sec- 
ond disc holding member holds the lower disc A with the 
chucking device 28 just below the upper disc B. The first 
and second electrodes 21 and 22 are moved apart after 
the voltage therebetween is reduced substantially to 
zero, in order to prevent a discharge which would cause 
defects in the discs A and B. The voltage across the 
capacitance C2 between the reflective films A' and B* is 
reduced to zero by a discharge due to the contact 
between the adhesive layers a and b. However, in order 
to discharge the capacitances CI and C3\ the bonding 
system of this example decreases the voltage of the first 
electrode 21 to a value substantially equal to zero. 
[0051] In this state, the actual liquid adhesive film 
spreads radially more than depicted in Fig. 16, and con- 
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tains neither minute voids nor larger voids as far as 
observed through the discs A and B. Thereafter, the 
lower and upper discs A and B held by the second elec- 
trode 22 in the state shown in Fig. 16 is swung horizon- 
tally by the transfer mechanism from the superposing 
position shown in Fig. 16. to the spinning position. At the 
spinning position, a spinning apparatus spreads the liq- 
uid adhesive film and spins off an unwanted amount of 
the adhesive by a centrifugal force to obtain a uniform 
film thickness. It is optional to perform the spinning 
operation at the superposing position for superposing 
the lower and upper discs A and B with the interposition 
of the adhesive. 

[0052] The bonding system according to the sec- 
ond embodiment can reduce the possibility of voids 
being formed in an adhesive film significantly as in the 
first embodiment. The diameter D of the discontinuous 
adhesive layer b may set unequal to the diameter of the 
continuous adhesive layer a. Moreover, the adhesive 
may be supplied onto only one of the lower and upper 
discs. Still another option is to form a first dotted adhe- 
sive layer on a lower substrate disc and a second dotted 
adhesive layer on an upper disc so that one of the dot- 
ted adhesive layers has dots densely arranged at regu- 
lar intervals of a narrower spacing. The first and second 
electrodes 21 and 22 may be unequal in size and/or dif- 
ferent in shape. For example, the electrode on the 
ground's side can be smaller in size than the other elec- 
trode. 

[0053] The electrode 21 may be a set of an upper 
section and a lower section, instead of being a single 
piece. The upper section of the electrode is designed to 
underlie a substrate disc A. and the lower section is 
connected with the lifting shaft 26 so that the upper and 
lower sections move up and down as a unit. In this case. 3 
it is easy to make the upper section of the electrode 
congruent to the reflective film A' of the substrate disc A 
and thereby reduce the stray capacitance without caus- 
ing trouble for the conveyance. For example, the system 
may be so arranged that an upper disc located on a * 
turntable is moved upward together with a substrate 
disc A and/or that the upper disc is returned to the turn- 
table. 

[0054] It is optional to omit the switch 44 and 
instead employ, as the power source 23. a controllable 4i 
power source capable of providing a dc output voltage 
having a desired pulse width (or pulse duration). In this 
case, the circuit is configured to connect the electrode 
21 to the ground voltage through capacitor and resistor 
on the output side of the power source 23 during the so 
period during which the dc output voltage of the power 
source is substantially null. In the preceding examples, 
each substrate disc has a reflective film. However, the 
same effects can be obtained in the same manner in the 
example in which only one of the two substrate discs 55 
has a reflective film. 

[0055] Figs. 17-22 show a third embodiment of 
the present invention. The third embodiment is 



designed to maintain an effective value of the voltage 
between reflective films of lower and upper discs for a 
predetermined time interval. 

[0056] The disc bonding system shown in Fig. 17 
5 according to the third embodiment is different from the 
disc bonding system shown in Fig. 12 according to the 
second embodiment, only in the addition of a resistor 
Rd. Figs. 19-22 shows a sequence of steps in the disc 
bonding process according to the third embodiment. 
w Figs. 19-22 correspond, respectively, to Figs. 13-16 
of the second embodiment. 

[0057] As shown in Fig. 17. a voltage V of a dc 
power source 34 is applied between first and second 
electrodes 31 and 32 through a switch 33 and a resistor 
is Rd. As in the second embodiment, the first electrode 31 
forms a capacitance C1 with the reflective film A' sepa- 
rated from the first electrode 31 by a dielectric layer of a 
lower disc A. Reflective films A' and B* of lower and 
upper discs A and B form a capacitance C2 with the var- 
20 iable interspace therebetween. The second electrode 
32 forms a capacitance C3 with the reflective film B' 
separated from the second electrode 32 by a dielectric 
layer of the upper disc B. These three capacitances C1 . 
C2 and C3 are connected in series with one another, as 
25 shown in Fig. 18. Each of these capacitances C1 - C3 
is very small. For example, each of the capacitances C1 
and C3 is in the range of 150 - 200 pF. and the capaci- 
tance C2 is about 50 pF just before contact between liq- 
uid layers a and b. In the example of Fig. 18, stray 
30 capacitances are neglected. 

[0058] The first electrode 31 is moved upward 
toward the second electrode 32 by a lifting shaft 36 as 
shown in Fig. 19. When the distance between the first 
and second electrodes 31 and 32 is decreased to a pre- 
'5 determined value, the switch 33 is closed for connection 
with a contact 33a. and the voltage V of the dc power 
source 34 is applied between the first and second elec- 
trodes 31 and 32, through the resistor Rd. the dosed 
switch 33 and a conductor 37. As a result, a fraction of 
o the voltage V is applied between the reflective films A' 
and B* of the lower and upper discs A and B, so that an 
electric field is produced in the space between the 
reflective films A* and B\ The interposition of the resistor 
Rd exerts no or little practical influence on the voltage 
? between the reflective films A* and B* because a current 
flowing therethrough is very low. 
[0059] By the application of voltage, the liquid lay- 
ers a and b attract each other by the action of opposite 
charges. Therefore, each dot of the dotted adhesive 
• layer b is tapered and pointed toward the layer a, and 
the layer a is also tapered and sharpened toward the 
layer b, so that the initial contact area is significantly 
reduced, as in the preceding embodiments. 
[0060] It is very difficult to control the superposing 
operation so that the dots of the adhesive layer b on the 
upper disc B touch the adhesive layer all at once. In 
practice, the adhesive dots come into contact with the 
adhesive layer a at different instants because of irregu- 
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larrty in the heights of the dots, the flatness of discs, and 
the degree of parallelization between lower and upper 
discs. 

[0061 ] When one or more dots of the adhesive layer 
b first come into contact with the adhesive layer a at one 
or more contact points, a current starts flowing through 
the resistance of the adhesive at the contact point or 
points, and hence discharge begins in the capacitance 
C2 between the reflective films A' and B\ Therefore, the 
voltage V1 between the reflective films A* and B* 
decreases with a discharge time constant and 
becomes lower than a critical voltage V2 that is a mini- 
mum voltage required to render the voltage application 
effective. When the remaining dots of the adhesive layer 
b touch the adhesive layer a. the voltage application is 
not effective any more for reducing the contact area suf- 
ficiently m contact between the adhesive layers a and b 
at different contact points since the voltage is lower than 
V2. The discharge time constant is small because the 
capacitance C2 is very small though the resistance of 
the adhesive is as high as several tens Ma 
[0062] In the third embodiment, the discharge time 
constant is set at a value required to fulfill a condition 
expressed as Tl s T2. In this condition. T1 is a time 
from a first instant at which the dotted adhesive layer b 
first comes into contact with the annular adhesive layer 
a at one or more contact points (the tips of one or more 
dots), to a second instant at which all the dots of the dot- 
ted layer b come into contact with the annular adhesive 
layer a. and T2 is a time from the first instant to a third 
instant at which the voltage V1 between the reflective 
films A* and B' becomes lower than the critical voltage 
V2. To achieve the condition of T1 <T2, the resistance of 
the resistor Rd is set equal to or greater than several 
tens MCI and equal to or lower than 300 Ma This range 
is experimentally determined. The resistor Rd having 
such a resistance value is connected in a closed circuit 
including the ground, power source 34. switch 33 and 
the electrodes 31 and 32. If the resistance is too small 
the resistor Rd makes the time T2 too short to prevent 
voids. The resistor Rd having too great resistance 
merely decreases the voltage VI between the reflective 
films A' and B' sharply, and increases the time constant 
greatly in the low voltage region below V2. so that the 
void preventing effect is insufficient. 
[0063] After the contact between one or more tips of 
the dotted adhesive layer b and the edge of the adhe- 
sive layer a, the capacitance C2 between the reflective 
films A' and B' is discharged through the resistance of 
the adhesive whereas the capacitances C1 and C3 are 
charged by the power source 34 through the resistor 
Rd, the switch 33 and the ground. The resistor Rd hav- 
ing such a resistance as to achieve the above-men- 
tioned condition, connected in the charging path for C1 
and C3 acts to lower the charging rate of the capaci- 
tances CI and C3. and to retard the voltage increase. 
As a result, the decreasing speed of the voltage 
between the reflective films becomes slow, and the sys- 
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tern can hold the voltage between the reflective films A' 
and B* equal to or higher than the critical voltage V2 dur- 
ing the period from the first instant at which the dotted 
adhesive layer b first touches the annular adhesive layer 
a to the second instant at which all the dots of the dotted 
layer come into contact with the annular adhesive layer. 
[0064] After the adhesive layers a and b have con- 
tacted entirely with each other, the chucking device 38 
expands the fingers (or claws) 39 in the center holes X 
and Y of the lower and upper discs A and B, and thereby 
holds the lower and upper discs A and B, as shown in 
Fig. 22. Then, the switch 33 is turned to the point 33b 
so that the power source 34 is disconnected, and the 
first electrode 21 is connected to the ground voltage 
After the voltage between the first and second elec- 
trodes 21 and 22 is thus reduced substantially to zero, 
the first electrode 31 is moved downward by the lifting 
shaft 26. The second disc holding member holds the 
lower disc A with the chucking device 38 just below the 
upper disc B. 

[0065] Thereafter, the lower and upper discs A and 
B held by the second electrode 22 in the state shown in 
Fig. 22 is rotated about a predetermined vertical axis by 
the transfer mechanism from the superposing position 
shown in Fig. 22, to the spinning position for forming a 
voidless uniform adhesive film having a predetermined 
uniform thickness by the centrifugal force. 
[0066] In the illustrated example, the resistor Rd is 
used to increase the discharge time constant. Without 
using a resistor, the same effect can be achieved by 
making the first and second electrodes 31 and 32 of 
resistive material having a higher resistance in the 
above-mentioned resistance range, instead of stainless 
steel. Examples of resistive materials adequate for this 
purpose are high resistive polymer resins having appro- 
priate mechanical strength, electrical conductivity and 
properties adequate for forming operations, and various 
resins produced by adding or doping conductive mate- 
rial such as metallic particles. 

[0067] Figs. 23 ~ 30 shows a fourth embodiment of 
the present invention. The fourth embodiment is 
designed to apply a relatively low voftage directly to 
reflective films of lower and upper discs. 
[0068] As shown in Fig. 23, a lower disc holding 
member (or lower suction stage) 41 holds, by vacuum 
suction, a lower disc A with a reflective film A' facing 
upward, and an upper disc holding member (or upper 
suction stage) 42 holds, by vacuum suction, an upper 
disc B with a reflective film B' facing downward to the 
lower disc A. The lower disc A has an annular continu- 
ous adhesive layer a on the reflective film A\ and the 
upper disc B has an annular dotted adhesive layer b on 
the reflective film as in the preceding embodiments. 
[0069] The disc bonding system shown in Fig. 23 
further includes a dc power source 43 capable of vary- 
ing an output voltage, a switch 44 having a ground-side 
contact 44a. a source-side contact 44b and a movable 
contact movable therebetween, a voltage applying 
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mechanism 45 for selectively applying a predetermined 
voltage to the reflective film A' of the lower disc A a low 
voltage connecting mechanism 46 for selectively con- 
necting the reflective film B' of the upper disc B to a low 
voltage such as a ground voltage, and a resistor 47 for 
preventing a short circuit. The voltage applying mecha- 
nism 45 and the low voltage connecting mechanism 46 
are substantially identical in construction. Therefore 
F,g. 30 shows only the voltage applying mechanism 45' 
and the following explanation is directed mainly to the 
voltage applying mechanism 45. 
[0070J The lower disc holding member 41 is fixedly 
mounted on a lifting shaft 41 extending downward from 
the center of the lower surface of the member 41 An 
upper end 41 B of the lifting shaft 4 1 A projects upward at 
the center of the lower disc holding member 41 and 
serves as a center shaft for positioning the lower disc A 
by fitting in the center hole X of the lower disc A The 
center shaft 41 B has an outside diameter for fitting in 
the center hole X of the lower disc A. 
[0071] The voltage applying mechanism 45 
includes a conductor 45A arranoed to touch the reflec- 
tive film A' of the lower disc A directly. The conductor 
45A serves as a first electrode. The voltage applying 
mechanism 45 further includes an insulating member 
45B supporting the conductor 45A. a vertical drive cylin- 
der 45C for moving the conductor 45A vertically and a 
horizontal drive cylinder 45D for moving the conductor 
45A horizontally. The vertical drive cylinder 45C has 
vertical cylinder rods 4SC" for moving the insulating 
member 45B to move the conductor 45A vertically The 
honzontal drive cylinder 45D has horizontal cylinder 
rods 45D for moving the vertical cylinder 45C to move 
the conductor 45A horizontally. In this example the con- 
ductor 45A is a thin strip made of metallic material hav- 
ing elasticity. The conductor 45A has a base end 
connected to the power source 43. and a tip end for 
touctnng. and moving away from, the reflection surface 
A of the lower disc A by the action of the vertical and 
horizontal drive cylinders 45C and 45D. 
10072] In the state shown in Fig. 23. the lower and 
upper decs A and B are held away from each other at a 
predetermined distance. The conductor 45A is out of 
contact with the reflection surface A' of the lower disc A 
and the conductor 46A is out of contact with the reflec- 
tion surface B- of the upper disc B. The switch 44 is in an 
open state for connecting the conductor 45A to the 
ground through the ground-side contact 44a. No voltage 
is applied between the reflective films A" and B\ 
[0073] Then, as shown in Fig. 24. the lifting shaft 
41A moves upward to move the lower disc A closer to 
the upper disc B. When the lower disc A reaches a pre- 
determined level, the reflective film A' touches the tip 
end of the conductor 45A. and accordingly, the voltage 
applying mechanism 45 operates the vertical drive cyl- 
inder 45C to move the conductor 45A upward substan- 
tially at the same speed as the ascending speed of the 
lower disc A. The low voltage connecting mechanism 46 



10 



is 



20 



25 



35 



40 



45 



50 



55 



also operates its vertical drive cylinder 46C to move the 
conductor 46A upward. The conductor 46A gently 
touches the reflective film B' of the upper disc B about 
the same time with the contact of the conductor 45A 
with the reflective film A', and then the conductor 46A 
stops the upward movement. 

[0074] The lifting shaft 41 A further moves upward 
When the distance between the reflective films A' and B' 
is decreased to a predetermined value (about 20 mm 
for example), the switch 43 is closed, as shown in Fig' 
25, and a voltage is applied by the power source 43 
through the resistor 47 between the reflective films A" 
and B\ As a result, an electric field is produced in the 
space between the reflective films A' and B'. The volt- 
age applied between the reflective films A' and B' is 
equal to or higher than a minimum value to be effective 
for tapering the adhesive layers and equal to or lower 
than a maximum value capable of preventing a dis- 
charge. In this example, the applied voltage is in the 
range of 100 - 500 V. The short preventing resistor 47 
prevents a short circuit by preventing the flow of high 
current from the power source 43 to the reflective films 
A' and B" even when the conductors 45A and 46B are 
erroneously connected directly through the reflective 
film A' or B-. The resistor 47 has a resistance of several 
Mn or several tens Ma In this case, the current is little, 
and the voltage drop across the resistor 7 is not prob- 
lematical. 

[0075] It is preferable to start the voltage application 
before the contact between the dotted adhesive layer b 
and the annular adhesive layer a. and to terminate the 
voltage application after all the dots come into contact 
with the adhesive layer. 

[0076] After the contact, the contact regions 
expand, and the adhesive layers a and b merge into a 
single adhesive layer, as shown in Fig. 26. 
[0077] Then, as shown in Fig. 27. the switch 43 is 
turned to the ground-side contact 44a. and accordingly 
the reflective film A' of the lower disc A is connected to 
the ground through the conductor 4SA. the switch 44 
and the resistor 47. The conductor 45A is brought to a 
low voltage state nearly equal to 0 volt. 
[0078] Thereafter, as shown in Figs. 28 and 29. the 
voltage applying mechanism 45 and the low voltage 
connecting mechanism 46 are operated in the following 
manner. First, the bonding system moves the conduc- 
tors 45A and 46B apart, respectively, from the reflective 
films A" and B1 by operating the vertical drive cylinders 
45C and 46C for a short time, and then withdraws the 
conductors 45A and 46A from the interspace between 
the lower and upper discs A and B. to the original posi- 
tions by operating the horizontal drive cylinders 4SD 
and 46D. Then, the bonding system decreases the ver- 
tical distance between the lower and upper discs A and 
B at a very slow speed. For example, this speed is set 
approximately equal to a descending speed due to the 
gravrtational force acting on the disc B and a negative 
pressure caused by wetting between the upper and 
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lower adhesive layers. Thus, the bonding system of this 
example separates the conductor 45A from the reflec- 
tive film A* after the reduction of the voltage between the 
conductors 45A and 46A almost to zero. Therefore, this 
system can prevent an electric discharge between the 
conductor 45A and the reflective film A* and thereby pro- 
tect the lower and upper discs from damage. 
[0079] The conductor 45A might scratch the con- 
ductive reflective film A' when touching. Therefore, the 
voltage applying mechanism 45 may be arranged to 
touch the conductive reflective film A* with the conductor 
45A at a contact point in an outer peripheral zone under 
which there is no information recording area. However, 
such an outer peripheral zone is so narrow and irregular 
that it is very difficult to correctly touch the outer periph- 
eral zone of the reflective film. In general, the informa- 
tion recording area is accurately concentric with the 
disc, but the conductive reflective film is more or less 
eccentric because of irregularity in manufacturing proc- 
ess. The distance between the edge of the conductive 
reflective film and the edge of the disc is small and irreg- 
ular. Moreover, the outer peripheral zone of the reflec- 
tive film locating outside the outer periphery of the 
recording area is very narrow. Even in the exact concen- 
tric arrangement, the width of the outer peripheral zone 
of the reflective film is equal to or smaller than 2 mm 
(the radius of a disc is 60 mm, and the radius of an infor- 
mation recording area is 58 mm according to stand- 
ards). 

[0080] To overcome this difficulty, the bonding sys- 
tem according to the fourth embodiment may have three 
or more conductors 45A arranged substantially at regu- 
lar intervals around the disc. In this case, the positions 
of the conductors 45 are adjusted so that the tips of the 
conductors 45A for contacting with the disc are 
arranged in an imaginary circle which is concentric with 
the information recoding layer of the disc, and which is 
greater in diameter than the information recording area 
and smaller in diameter than the conductive reflective 
film. With this arrangement, the conductors 45A can 
touch the conductive reflective film outside the record- 
ing area even when the conductive reflective film is 
formed more or less off-center. The low voltage con- 
necting mechanism may be constructed to have three or 
more conductors 46A arranged in the same manner. 
[0081] It is optionaJ to omit the switch 44 and 
instead employ, as the power source 43, a controllable 
power source capable of providing a dc output voltage 
having a desired pulse width (or pulse duration), as in 
the preceding embodiments. 

[0082] Moreover, it is optional to employ a dc power 
source for selectively applying a negative voltage to the 
low voltage connecting mechanism 46 and a switch, 
which are connected between the ground and the low 
voltage connecting mechanism 46. In this case, the 
power source 43 applies a positive voltage to the con- 
ductive reflective film A' of the lower disc A, whereas the 
second power source applies a negative voltage to the 
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conductive reflective film B' of the upper disc B. As 
these power source, it is convenient to employ a device 
capable of varying the magnitude of the output voltage 
and the duty cycle. In general, the power source 43 is in 
the form of a commercial ac power source and a recti- 
fier. In this case, the power source 43 may further 
include a chopper circuit connected on the output side 
of the rectifier and arranged to intermittently apply a dc 
voltage having a frequency higher than a commercial 
frequency. 

[0083] Figs. 31 and 32 show a fifth embodiment 
according to the present invention. In the fifth embodi- 
ment, an alternating voltage is applied between first and 
second substrate plates, instead of a dc voltage. 
[0084] In the bonding operation, it is generally diffi- 
cult to hold first and second discs A and B in parallel to 
each other to a sufficient degree, and to make uniform 
the sizes and heights of adhesive layers a and b specif- 
ically in the case of a dotted adhesive layer. Therefore, 
as viewed microscopically for a brief time in the contact, 
the adhesive layers a and b come into contact with each 
other at a plurality of positions at respective different 
instants. 

[0085] In the case of dc voltage application, the first 
contact region can gain sufficient effect from the voltage 
application, and improve the wettability. However, the 
subsequent contact regions between the adhesive lay- 
ers cannot improve the wettability as compared with the 
first contact region. From the instant at which the adhe- 
sive layers a and b first come into contact with each 
other in the first contact region, the discharge of charge 
stored in the capacitance between the upper and lower 
discs begins through the resistance R of the adhesive, 
and the voltage between the upper and lower substrate 
discs decreases. Consequently, the effect of the voltage 
application is more or less weakened to the subsequent 
contact regions. 

[0086] The use of an alternating voltage in place of 
a dc voltage is advantageous in solving such a problem. 
[0087] A first electrode 54 of a first electrode mem- 
ber 51 shown in Fig. 31 forms a first capacitance CI 
with the reflective film A' of a lower substrate disc A 
insulated from the first electrode 51 by a dielectric layer 
of the lower disc A. and provides an impedance 21 in 
the ac circuit. The interspace between the reflective 
films A' and B' of the lower and upper discs A and B 
form a capacitance C2. and provide an impedance Z2. 
The dielectric layer of the upper disc B forms a capaci- 
tance C3 between the second electrode 52 and the 
reflective film B' of the upper disc B. and provides an 
impedance Z3. In Fig. 32, a switch S represents the 
interspace between the reflective films A* and B\ and R 
represents the resistance of the adhesive. The switch S 
and the resistance R are connected in series, and this 
series combination is connected in parallel with the sec- 
ond impedance Z2. 

[0088] The magnitude of each of these impedances 
Z1. Z2 and Z3 decreases in accordance with the fre- 
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15 



quency f of the applied voltage. (For example, the abso- 
Z3 -1/2*103 .) Therefore, it is possible to decrease the 
vo«age of an adequate frequency. By setting the fre 

:r r 2 as r - ke * 

Me to ach-eve the system such that the vp 
between the reflective films A' and B' of the discs /and 
Brece-ves no or ,i*t, e influence from the resistance R 
[0089J Therefore, in the bonding system emolovinn 
an ac power source 56 as shown in RbT H^ ,0y ' n9 
adequately set frequency f. the voltage V2 thardt 
f V C ° ntaCt be,Ween ,hS ^'esive Taye% a V 
e«lt of the "» th " b ° ndin9 SyS,em can -a-JnThe 
tertfcwftp* h «*i after the first con- 

So? , SUbsequent «»«act regions. 
S? ] rii . |? . v,ew of thicknesses of the discs A and 

"'^.^^^^^yoftheadhesive *o 
and o*er cond.fons. the voltage application is effete 
wnen the frequency f of the alternating voltage is eoua! 

au^eT 3 " 4kH2 " i0 --^noTthe 

o™ ^ uenc V «nge. it is preferable to set the fre 
quency f of the alternating voltaae of th» 
source 56 equal to or highe'than 20 i kHz ~ * 
10091] in the case of alternating voltaqe the effort 
of the voltage application is influenced oyThe a JraS 
va ue. so that the ground is established with me aveSoe 
SS^TT** t0 emP ' 0y wi « wavers for h 9 e 

tte S^P 96 aHerna, *' n9 to * he ^d nega 

We stfes. For example, the waveform of the alternaX, 

m F e s ^f I havin9 a vo,,a9e off p"** 

Lh 9 - 33 Sh0W 3 bondino ^tem including all 
o-anadhes,vesu PP lyingsecti O n(i01. 102) anoSm 
P|ng or superposing section 103 for «5£2?£ 

a^~?hi e P ' ateS W ^ ^ ,<r o 
h6S,Ve Spfeadin 9 section 104 for 
-Tead.ng the adhesive sandwiched between the f.w 
and second substrate plates by leaving™, 
spinningor some other ^.rt.t^'JS^SS 
cunng the adhesive film sandwiched betlTen th e f£ 

Sprod^ 

eZZ^' ng * eCt ' 0n ° r CirCUit 106 for Cueing an 
™2T 1^ the ' nterSpace b e«ween the first and see- 
ing P ' ateS by the a PP ,icat *on of a voltage * 
SSThe SU P er P° srtion in *. superposing 5e c 
W f adh6S,Ve SUpp,yin 9 section ™ay include a 

**1 jJev.ce 101 for supplying the adhesive on hel.rst 

i^etdh " diSC ' a0d 9 S6COnd device *>' sip y- 
T?e^.l S ' Ve ° n the S6COnd subs, ^e plate or ofsc 
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present invention is not limited to the embodiments 
emSSml ? T M «°- and variational 

5 

Claims 

1 ' LTh» b ° ndin9 SySt6m for producin 9 9 bonded 
plate havmg an adhesive film sandwiched between 

prlng b ° ndi " 9 



a plate moving member for bringing the first 

h„t^ ,° n ° f 3dhesive to P^ce the 
bonded plate; and 

in n a n ,e 2 riC drCUit for Pr0ducin9 an e 'ectric field 
p"a a es SPaCe b6tWeen ,hS first and second 

A bonding system according to Claim 1 wherein the 
dectnc arcurt comprises first and second electrode 
members for producing an electric field behleen 
the first and second plates. °etween 

3. A bonding system according to Claim 2 wherein the 
electnc crcu.t further comprises a component for 
cau Sl ng the first and second electrode meX4 to 
produce an electric field between the rZ and sU 
ond plates only during a predetermined Sin an 
overiapprng op era » ion Dy ^ ^ m J* £j£ 

Sch^ne?, SGC ° nd P' a,es ^ativTto 
each other to produce the bonded plate. 

A bonding system according to Claim 2 wherein the 
Plate mowng member moves the first plate toward 
the second plate so that the first and sion^Ss 
S^ e l face ~ch ^a, and the fS 
DlaS fn^ '! arfan9ed to move **h the first 
S arfal!! 6 '" ^ SyStem ^ com- 

imTp if ^PP'^ 9 aP^tus for supply- 

Tecond oil 6 *" 6 °^ " **** 0ne ° f *• ^ 
,no tht P 1 • 3 SP " 1 C ° atin9 ^ratus for spread- 
It^ to fo^T ,he firSt and se ~nd 
and secn^ he adhesive ,i,m ^een the first 

Sates " m bStWeen the ,,Yst and s *cond 



so 5. 



A bond,ng system according to Claim 4 wherein the 
adhesive supplying apparatus comprises a f rst 
rin" ol'th SU % lyi " 9 deV ' Ce f ° r Pr0ducin9 a " annula 
adhere su^ h" P ' ate ' and a SGCOnd 

dotsTL ^ 9 d6V,Ce for Pr0dudn9 a s et of 
dots of the adhes,ve arranged in an imaginary cir- 

A bonding system according to Claim 2 wherein the 
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fin* and second plates are held between the first 
and second electrode members in an overlapping 
operation by the p,ate moving member for moving 
J, and second plates relative to each other to 
produce the bonded plate 

5 

A bonding system according to Claim 6 wherein the 
first e ectrode member comprises a holding device 
for holding the first plate, and the second electrode 

ZTn«ZT zes a holdin9 device ,or ho,di ^ the - 



onp nft 9 r SyStem aCCOrd,n9 t0 C,aim 7 
one of the first and second electrode members fur- 
ther comprises an electrode, and the plate moving 
member moves the first electrode member toward 

al JZ nd * eC,rode mem °e' *° move the first 
plate toward the second plate held by the second 
electrode member. 

9. A bonding system according to Claim 8 wherein the 
electrode is in the form of one of a ring electrode 
nav,ng an annular shape, a set of upright pieces 
arranged in an imaginary circle, and a flat electrode 
having a flat surface. *cirooe 

10. Abonding ^system according to Claim 7 wherein the 
first electrode member comprises a first electrode 
surface for abutting on the first plate, and the sec- 
ond electrode member comprises a second elec- 
trode surface for abutting on the second plate 



from a start of contact between an annular adhe- 
sive layer formed on the first disc and a dotted 
adhesive layer consisting of dots of the adhesive 
arranged in an imaginary circle on the second disc 
to an end of the contact between the annular adh e- 
s.ve layer and all the dots of the dotted adhesive 
layer shorter than a second time from the start of 
contact between the annular adhesive layer and the 
dotted adhesive layer to a decrease of the voltage 
between the reflective films of the first and second 
discs to a predetermined critical voltage 



16. A bonding system according to Claim 2 wherein the 
first electrode member is arranged to touch a con- 
fronting surface of the first plate, and the second 
electrode member is arranged to touch a confront- 
ing surface of the second plate while the confront- 
ing surfaces of the first and second plates confront 
each other. 

so 

17. A bonding system according to Claim 16 wherein 
the first plate is a first disc having a conductive 
reflective film, the second plate is a second disc 
havmg a conductive reflective film, and the first and 
^ ^, e,ectrode members are arranged to touch 
the reflective films of the first and second discs 
respectively, while the reflective films confront each 
other. 



11. A di SC bonding system accordjng tQ C)a . m 

2E? T ° f <he ,irS ' and second P ,ates has a 
ul f 2 ' 006 ° f f irst and s ^ond elec- 

szzisr is con9ruent to <he 



18. A bonding system according to Claim 17 wherein 
each of the first and second electrode members 
comprises a tip end for projecting into the inter- 
space between the first and second discs 



12. A bonding system according to Claim 2 wherein the 
electric circuit further comprises a power source for 
applying a voltage between the first and second 
electrode members, and an resistor. 

13. A bonding system according to Claim 12 wherein 

E^TT COnnected in serie * ^ a closed circuit 
formed by the power source, the first and second 
plates and a ground. 

14. A bonding system according to Claim 12 wherein 
one of the first and second electrode members is 
connected with the power source through the resis- 

15. A bonding system according to Claim 12 wherein 
he first plate ,s a first disc having a reflective film 

? V !«? C0 1 P 6 iS 3 S6C0nd disc havin 9 a '*"ec- 
tom film, the resistor has a resistance value for cro- 
wding such a time constant as to make a first time 



19. A bonding system according to Claim 18 wherein 
the electric circuit comprises a power source for 
supplying a voltage between the first and second 
electrode members, and a resistor connected in 
series with the power source 

40 

20. A bonding system according Claim 18 wherein the 
bonding system further comprises a first mecha- 
nism for moving the first electrode member to make 
and break contact between the first electrode mem- 
« ber and the reflective film of the first disc, and a sec- 
ond mechanism for moving the second electrode 
member to make and break contact between the 
second electrode member and the reflective film of 
the second disc. 

so 

21. A bonding system according to Claim 20 wherein 
the first mechanism is configured to break contact 
between the first electrode member and the reflec- 
tive Mm of the first disc after a voltage applied to the 
first electrode member is reduced to a predeter- 
mined low value. 

22. A bonding system according to Claim 17 wherein 
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the bonding system comprises a plurality of the first 
electrode members, and the first mechanism is 
configured to make contact between the reflective 
film of the first disc and the first electrode members 
by arranging the tip ends of the first electrode mem- 
bers in an imaginary circle which is concentric with 
a circular information recording area of the first disc 
and which is greater in diameter than the circular 
information recording area of the first disc. 

j 

23. A bonding system according to Claim 1 wherein the 
electric circuit comprises a power source for apply- 
ing an alternating voltage between the first and sec- 
ond plates. 

7; 

24. A plate bonding method for producing a bonded 
plate having an adhesive film sandwiched between 
first and second plates, the bonding method com- 
prising: 

2C 

an adhesive supplying step of supplying adhe- 
sive on at least one of the first and second 
plates: 

an overlapping step of overlapping the first and 
second plates by bringing the first and second 25 
plates closer to each other with the interposi- 
tion of the adhesive to produce the bonded 
plate; and 

an electric field producing step of producing an 
electric field in an interspace between the first 30 
and second plates during a period in the over- 
lapping step. 

25. A plate bonding method according to Claim 24 
wherein the bonding method further comprises a 35 
spreading step of spreading the adhesive between 
the first and second plate after the overlapping step. 

26. A plate bonding method according to Claim 25 
wherein the spreading step includes one of an 40 
operation for leaving the first and second plates one 
on the other with the adhesive sandwiched 
between the first and second plates, an operation of 
compressing the first and second plates with the 
adhesive sandwiched therebetween, and an opera- 45 
tion of spinning the first and second plates with the 
adhesive sandwiched therebetween. 

27. A plate bonding method according to Claim 24 
wherein the adhesive supplying step comprises a so 
first operation of forming a dotted adhesive layer on 
one of the first and second plates, the dotted adhe- 
sive"* layer including dot regions of the adhesive 
which are separate from one another. 

55 

28. A plate bonding method according to Claim 27 
wherein the dot regions formed by the first opera- 
tion of the adhesive supplying step are arranged in 



an imaginary circle on the second plate, and the 
adhesive supplying step further comprises a sec- 
ond operation of forming an annular adhesive layer 
on the first plate. 

29. A plate bonding method according to Claim 24 
wherein the adhesive supplying step comprises an 
operation of forming an annular adhesive layer on 
one of the first and second plates. 

30. A plate bonding method according to Claim 24 
wherein, in the electric field producing step, the 
electric field is produced locally in a pattern con- 
forming to a pattern of the adhesive formed on one 
of the first and second plates. 

31. A plate bonding method according to Claim 24 
wherein the adhesive supplying step comprises an 
operation of forming an annular adhesive layer on 
the first plate which is a first substrate disc and 
forming a dotted adhesive layer on the second plate 
which is a second substrate disc, the electric field 
producing step comprises a first sub-step of apply- 
ing a voltage between a first electrode for the first 
substrate disc and a second electrode for the sec- 
ond substrate disc, a second sub-step of reducing 
the voltage between the first and second electrode 
to a value lower than a predetermined level, and a 
third sub-step of removing the first and second 
electrodes, respectively, from the first and second 
substrate discs after the second sub-step. 

32. A plate bonding method according to Claim 24 
wherein the electric field producing step includes 
an operation of putting first and second conductors, 
respectively, in contact with confronting surfaces of 
the first and second plates to apply a voltage 
between the first and second conductors during a 
predetermined period in the operation of bringing 
the first and second plates closer together in a con- 
fronted state in which the confronting surfaces of 
the first and second plates confront each other. 

33. A plate bonding method according to Claim 24 
wherein the first plate is a first substrate disc having 
a reflective film, the second plate is a second sub- 
strate disc having a reflective film, the bonded plate 
is an optical disc, and the electric field producing 
step includes an operation of directly applying a 
voltage between the reflective films of the first and 
second substrate discs when contact is established 
between the reflective films through the adhesive. 

34. A plate bonding method according to" Claim 33 
wherein the adhesive supplying step comprises an 
operation of forming a dotted adhesive layer on one 
of the first and second substrate discs, the dotted 
adhesive layer including dot regions of the adhesive 
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which are separate from one another, and the appli- 
cation of the voltage between the reflective films of 
the first and second substrate discs in the field pro- 
ducing step is started when none of the dot regions 
are connected between the reflective films, and 5 
ended after all the dot regions of the dotted adhe- 
sive layer are connected between the reflective 
films. 

35. A plate bonding method according to Claim 24 io 
wherein the electric field producing step comprises 
an operation of applying an alternating voltage 
between the first and second plates. 
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